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Watermelon is a warm-season crop from the cucurbit family, 
which also contains other melons such as cantaloupe and 
gourds such as squash and pumpkin (1). There are three 
recognized species of watermelon; Citrullus lanatus, Citrullus 
ecirrhosus Cogn and Citrullus colocynthis (1).  
 
Watermelon biomass can be categorized as three main 
components which are the flesh, seed, and rind. Watermelon 
constitutes approximately 68% flesh, the rind 30%, and the 
seeds 2% of the total weight (2). 
 
A biorefinery is a concept in which the total biomass of a 
biological product would be used to produce an array of 
value-added products resulting in minimal or no waste of the 
biomass. The basic principles of a biorefinery are that the 
feedstock is processed using chemical, thermal, physical, or 
biological processes to produce fuels, chemicals, commodities, 
and other materials (3). The biorefinery concept has been 
successfully integrated into crops such as corn and sugar beet 
(4). 
 
A watermelon biorefinery would be possible if all or nearly 
all components of the watermelon biomass could be utilized 
as value-added products in an economical fashion. The long-
term goal of this work is to look into the possibility of 
applying the general biorefinery concept to the watermelon 
crop. Since watermelon rind constitutes nearly one third of its 
total weight, value-added products from the rind would be a 
critical part of the watermelon biorefinery and the rind will be 
the focus of this work.  
 
The initial goal is to explore the extraction of sugars from the 
watermelon rind. Because of the success found in various 
peels such as banana, pomegranate, custard apple, pine apple, 
almond fruit, orange, calabash and musk melon etc., (5-15), it 
is of interest to explore sugar extraction from watermelon 
rind. The basic liquid-liquid sugar extraction procedure that 
has been successfully applied to the sugar extraction from a 




MATRIALS AND METHODS 
 
Instruments: An HPLC system equipped with Waters 2420 
Evaporative Light Scattering Detector (ELSD) is used to 
separate the fractions from the extract.  An LCMSD/Trap 
System (Agilent Technologies, 1200 Series) equipped with an 
electro spray interface was used in the second step. An 
Agilent 8453 spectrophotometer coupled with a diode array 
detector was used for the detection of sugars in the fractions. 
Two chromatographic columns used were: an 
Adsorbosphere-NH2 column (250 x 4.6 mm-5µm) and an 
Atlantis dc 18 column (50 x 4.6mm - 5µm).  
 Reagents: All reagents and solvents used were of HPLC 
grade.   Formic acid, methanol, acetonitrile, dichloromethane 
and ethanol were from Fisher Scientific Co. HPLC water 
prepared from distilled water using a Milli-Q system 
(Millipore Lab., Bedford) was subjected to IR irradiation 
under 3.5 micron filters. All chemicals used in the study were 
of analytical grade.  
Extraction 
 Selected samples of water melon were sliced, dried under 
vacuum at 60○C for 48 h and powdered. 100.0 g of the raw 
material was extracted with doubly distilled water (75 mL) 
and 0.1N sulphuric acid (15 mL) and kept at 60°C for about 5 
h.  Contents were cooled and stirred with magnetic stirrer for 
30 min. The extract was treated with calcium carbonate as 
such (2-3g) and the precipitated calcium sulphate was filtered 
off. The resultant syrup was stored at 4○C in the dark.  The 
syrup was treated with charcoal (coir pith), agitated for 30 
min and suction filtered using a sintered glass crucible 
packed with Silica gel (230-400 mesh, ~2 cm thickness). The 
filtrate was rota vapoured to remove the solvent. The residue 
was placed in an air tight glass container covered with 200 ml 
of boiling 80% EtOH. After simmering for several hours in a 
steam bath, the container was sealed and stored at room 
temperature. For the analysis, the sample was homogenized 
in a blender for 3-5min at high speed and then suction-
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filtered.  After extraction with 80% EtOH (2 x 50mL), the 
whole syrup was concentrated and further extracted in a 
separator funnel using a mixture of MeOH - dichloromethane 
- water (0.3:4:1, v/v/v),  The organic phase containing the 
organic impurities was discarded and the MeOH- water 
phase containing sugars was evaporated. The residue was 
oven-dried at 50°C overnight to remove the residual solvent 
and stored at –2°C for chromatographic analysis (5-15).   
HPLC and LC/MS 
 
The extracted sugars  present in the non-edible watermelon  
were separated in 26 min by the reversed phase HPLC 
technique on a  column, Adsorbosphere-NH2 (250 x 4.6 mm 
column) using both isocratic and gradient elution with 
acetonitrile/water as the mobile phase. The detector used was 
a Waters ELSD 2420.  In the ELSD detector, the mobile phase 
is first evaporated and the remaining solid particles of the 
sample are then carried in the form of a mist into a cell where 
they are detected by a laser. The separated fractions were 
subjected to UV analysis using Agilent 8453 
spectrophotometer coupled with a diode array detector. The 
LC/MS analysis was performed with LCMSD/ Trap System 
(Agilent Technologies, 1200 Series) equipped with an electro 
spray interface. The mobile phase consisted of 0.10% formic 
acid in HPLC grade de-ionized water (A) and Methanol (B) 
taken in the stationary phase of Atlantis dc 18 column (50 x 
4.6mm - 5µm). The gradient program was as follows: 10% B to 
95% B in 4 min, 95% B to 95% B in 1 min, 95% B to 10% B in 
0.5 min followed by 10% B in 1.5 min at a flow rate of 1.2 mL 
min-1. The column oven temperature was kept at 40°C and the 
injection volume was 2.0 µL.  Product mass spectra were 
recorded in the range of m/z 150-1000.  The instrumental 
parameters were optimized before the run. 
 
Standard Samples: Pure samples of D(-)-arabinose, D(-)-
ribose, D(+)-xylose, D(+)-galactose, D(+)-glucose,  D(+)-
mannose, L(-)-sorbose, D(-)-fructose, L(+)-rhamnose,  D(+)-
sucrose and D(+)-maltose, D(+)-lactose  were used as 
standards (Aldrich Chemical Co.).     
 
Preparation of Chromatoplate 
 
The sugar fractions separated from HPLC were concentrated 
and subjected to thin-layer chromatography (TLC). The sugar 
fractions were analyzed with one-dimensional TLC on a 
cellulose MN 300 G layer plate.  Each plate was activated at 
110°C prior to use for 10 min.  
 
One Dimensional Chromatography 
 
One mL aqueous solution of 10-mg sample of each standard 
sugar or the analyzed sugar from an HPLC fraction was 
prepared. After 1 µL of each sugar solution was applied, the 
chromatoplate was placed in a TLC chamber containing the 
developing solvent and the lid placed. The solvent system 
used was n-butanol-acetone-pyridine-water (10:10:5:5, 
v/v/v/v). The plates were developed in an almost vertical 
position at room temperature (16-19). After the elution, plate 
was dried under warm air.  The plate was sprayed with a 
mixture of 5% diphenylamine in EtOH, 4% aniline in EtOH 
and 85% phosphoric acid (5:5:1v/v/v). The plate was heated 
for 10 min at 105°C to visualize colored spots and calculate Rf 
values. 
RESULTS AND DISCUSSION 
 
Mass Spectral Analysis: Fig1-4 shows the following LC 
peaks: fraction1 at 0.636 min and 0.666 min; fraction2 at 0.578 
min; fraction3 at 0.592 min; and fraction4 at 0.566 min.  The 
LC-MS data for fraction1 scanned in the time periods 0.507: 
0.600 min and 0.600:0.878 min show molecular ion fragments 
at m/z: 126.9, 163.0, 343.2, 360, 365.0, 374.0 and 126.0, 163.0, 
342.2, 365.0, 375.1 respectively. Fraction2 scanned between the 
time periods 0.493:0.772 min gave ion peaks at m/z: 112.9, 
145.1, 163.0, 164.1, 180.1, and 202.9. Fraction3 scanned 
between the time periods 0.493:0.745 min gave ion peaks at 
m/z: 115.1, 163.0 and 198.0. Fraction4 scanned between the 
time period 0.507:0.600 min gave ion peaks at m/z: 126.9, 
163.0, 164.1. These mass data lead to the conclusion that there 
are various monosaccharides (Fig.1-4).     
 
Fig.1. Mass report of Separated Fraction 1 
 
Fig.2.Mass report of Separated Fraction 2 
 
Fig.3. Mass report of Separated Fraction 3 
Thin-layer chromatographic analysis: Sugars obtained from 
four HPLC fractions of the watermelon peels were spotted 
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on the cellulose layer of TLC plates and the eluted 
compounds were labeled as F1, F2, F3, and F4 on the 
chromatogram as shown in Fig 5. The Rf values of analyte 
sugars from fractions were found to match with the Rf 
values of authentic samples of sugars leading to the 
identification of the former as Rhamnose, sucrose, mannose 
and glucose. Table 1 shows Rf for the standard sugars and 
the matching analyte sugars extracted from watermelon rind 
portion. 
 
Fig.4. Mass report of Separated Fraction 4 
 
Fig. 5. Developed thin layer chromatogram over a cellulose 
layer, (La – Lactose, So – Sorbose,  Ar- Arabinose,                   
Rh – Rhamnose, Ri – Ribose, Xy-Xylose,  Gal – Galactose,       
Gl - Glucose, Man – Mannose, Fr - Fructose, Su – Sucrose and 
Mal –Maltose). 
Table 1: Rf values matching of the analytical standard 
samples and the separated samples 
Sugars Rf ( Scale of Rf =1) Fraction matching 
Lactose 0.18 - 
Maltose 0.24 - 
Sucrose 0.35 F1 
Galactose 0.36 - 
Glucose 0.41 F2 
Mannose 0.47 F3 
Sorbose 0.46 - 
Fructose 0.46 - 
Arabinose 0.46 - 
Xylose 0.53 - 
Ribose 0.63 - 




The disposal problems of the household solid wastes are of 
great importance. A fruitful and cost effective industrial 
application was developed in this work. Based on the above 
studies, a rapid method for the extraction of sugars from 
watermelon (Citrullus lanatus) peels has been developed.  
The mixture of MeOH-dichloromethane-water (MDW) gives 
better results as compared with MCW where C is chloroform 
(20). Mass spectral and TLC analyses accurately confirm the 
presence of rhamnose, mannose, sucrose and glucose. 
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